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NANOCOMPOSITE SOLUTION WITH COMPLEX-FUNCTION AND 
METHOD FOR PREPARATION THEREOF 



FIELD OF THE INVENTION 
5 The present invention relates to a nanocomposite 

solution with multi-function and a method for preparation 
thereof . 

BACKGROUND ART 

The present invention relates to a nanocomposite 

10 solution with multi-function and a method for preparation 
thereof, further particularly to, solution in which nano- 
sized silica or silver dispersed in a combined state in 
water or organic solvent such as dimethylf ormamide (DMF) , 
Dimethylacetamide (DMAC) , etilenglicol (EG) , glycerine 

15 and a method for preparation thereof . 

A representative manufacturing process of silica 
colloid solution used in the present invention is 
disclosed in the- US patent nos. 2,892,797 and 3,252, 917. 
According to the disclosed manufacturing process, the 

20 silica colloid solution is manufactured in a method of 
controlling proper concentration by extracting silica of 
a controlled particle size as acid is added in water 
glass and by passing sodium and anion in the solution 
through anion exchange resin and ion exchange resin, 

25 respectively. 
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A process of manufacturing nano particles of high 
purity silver is divided into a top-down method of 
manufacturing the high purity silver of small size in a 
bulk state, and a bottom- up method of manufacturing by 
5 combining tens of silver atoms or silver ions. A particle 
of nano size always forms an oxidized film on a surface 
thereof when it is exposed on air because the atmosphere 
of the earth is mainly full of oxygen. Accordingly, the 
oxidized film always exists on the surface of a nano 
10 particle of pure metal. The oxidized film becomes 
relatively thicker in a nano state than in the bulk state, 
making metal particles of nano size less effective. Also, 
the particles of nano size hardly exist separated from 
each other because an agglomeration always occurs among 
15 the particles due to a tendency that each particle 
minimizes its surface area. However, in dispersion media 
such as water, or organic solvent, the particles of nano 
size can exist stably according to the kind of the 
dispersion media, and concentration and degree of 
20 agglomeration differ according to each particle. 
Particularly, the water is used as the dispersion media 
of the nano particle because the water is most common 
material on the earth, most environment-friendly, and 
applicable to broad application fields. Hereinbelow, 
25 conventional technologies related to manufacturing of 
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silver particle solution of nano size are described. 

A method of manufacturing and an application of 
silver sol with a silver particle having size between 1 
and 100 ran dispersed in a medium with weight percentage 
5 ranging from 1 to 80 are disclosed in Korean patent 
publication no. 1998-018046. According to the disclosure, 
a silver corpuscle is manufactured by allowing silver 
composition solution to react with reducing agent under a 
temperature ranging from 5 to 50°C and an agitation speed 

10 ranging from 1,000 to 10,000 rpm. The manufactured silver 
corpuscles are collected by a centrifugal separator, and 
dispersed in the medium again. The silver sol can be 
processed to be transparent conductive coating agent by 
adding bonding agent as necessary and can be applied to a 

15 cathode ray tube . 

A method of manufacturing composite metal particle 
of nano size in solution using surface active agent is 
disclosed in Korean patent publication no. 2000-0018196. 
According to this disclosure, composite metal ion 

20 solution dissolved with two kinds or more of salt 
composites such as gold, silver, iron, platinum, and zinc 
is added with one kind or more of reducing agents such as 
hydrazine, NaBH 4 , LiAlBH 4 , and oxo compound to be resolved 
into composite metal particles. In this process, the 

25 surface active agents such as hydrocarbon type, silicon 
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type, and fluorocarbon type is added to block growing of 
the composite metal particles and to keep the size of the 
particle at nano size. Also, antioxidant such as 
butylhydroxy toluene, and vitamin E derivative is used to 
5 prevent oxidization of a surface of metal particles. The 
manufactured composite metal particles are used for the 
purposes of antibacterial, sterilization, medicine, 
abrasive material, antistatic, electromagnetic wave 
protection, photosensitivity. 

10 A method of manufacturing colloid of nano size using 

radiation exposure is disclosed in Korean patent 
publication no. 2001-0078858. Specifically, in-process 
material is removed by adding alcohol after silver salt 
such as AgN0 3 , AgCl0 4 , and AgCl0 3 is melt in water. After a 

15 nitrogen substitution by adding colloid stabilizer, 
silver colloid particles having constant distribution is 
manufactured by radiation exposure. Herein, the alcohol 
is chosen from a group of methanol, ethanol, isopropanol, 
normal propanol, and butanol, and the stabilizer is 

20 chosen from a group of sodium dodecyl sulfate, polyvinyl 
alcohol, and polyvinylpyrollidone . The colloid 
manufactured according to the method disclosed in the 
above invention can be used as scattering enhancer for 
raman spectrograph, addition agent of ink activator, 

25 antibacterial and antibiosis material, conductive 
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adhesive, and electromagnetic wave blocker, 

A . method of manufacturing antibacterial soup 
containing silver of high density using silver colloid is 
disclosed in Korean patent publication no 2001-0069644. 
5 In other words, it discloses a method of manufacturing 
low-cost antibacterial silver soup that overcomes 
disadvantages of a conventional silver soup such as high 
cost, and limited mass production. The silver colloid 
used therein contains the silver having high density of 
10 over 50,000 ppm and manufactured in a state of silver 
salt solution using reducer and surface active agent. 
Accordingly, this disclosure made profitable mass 
production possible in manufacturing the soup. 

A manufacturing apparatus of gold and silver colloid 
15 is disclosed in Korean Utility Model first publication No. 
2000-0021401. In installing the manufacturing apparatus 
of the gold and silver colloid comprising a power supply, 
a timer, an electrolysis circuit line, and silver plate, 
parts on the silver plates with small area are installed 
20 to be opposed with a constant distance. Meanwhile, a 
standardized product used for containing distilled water, 
or purified water is employed as a container. 

A manufacturing apparatus of silver solution being 
capable of manufacturing the silver solution efficiently 
25 in a rapid speed is disclosed in Korean Utility Model 



WO 2005/019096 PCT/KR2003/002855 

6 

first publication No. 2001-0001169, The manufacturing 
apparatus comprises a body comprising an inner drum 
forming space where distilled water is accommodated 
inside, an outer drum surrounding a circumference of the 
5 inner drum and accommodating the inner drum, and a cover 
opening/closing an upper opening of the body; two silver 
electrode rods inserted into the distilled water in the 
body; a power supply applying an alternative voltage of 
110 V or 220 V with frequency of 60 Hz to the silver 
10 electrode rods; a frequency modifier to increase the 
frequency; and a transformer to increase voltage. Also, 
this apparatus is distinctive in that it can manufacture 
the silver solution in a short time. 

A method of manufacturing metal colloid, 
15 particularly platinum colloid is disclosed in Korean 
Utility Model first publication No 2001-0070070. 
According to this disclosure, A temperature during a 
reducing process can be controlled by adding metal ion 
solution and ph compensation agent into solution mixed 
20 with water and the surface active agent. The platinum 
colloid can be manufactured by reducing metal ion by 
controlling the temperature in a manner described above 
and stirring. Herein, ethanol is used as the reducer, and 
polysorbate 80 is used as the surface active agent, and 
25 sodium carbon hydrogen is used as the pH compensation 
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agent- An oxidization reduction potential after 
completion of the reduction process is over -400 mV. _ 

A method of electrically manufacturing colloid 
having particle size of 30 nm or below with one or more 

5 of a group comprising metals from group lb, group lib, 
group III, group IV, group V, group VI, group Vllb, group 
VIII, lanthanoid, actinoid is disclosed in US patent no. 
5,925,463. According to this disclosure, after metal 
electrodes are dipped in electrolytic cell added with 

10 electrolyte, a reduction process occurs on a negative 
electrode with currents applied. Herein, Quaternary amine 
composite such as Tetraoctylammonium bromide is added as 
stabilizer, and organic solvent such as tetrahydro furan 
is used as dispersion media. 

15 A manufacturing apparatus of silver colloid and a 

method of manufacturing the silver colloid are disclosed 
in US patent no. 6,214,299. The manufacturing apparatus 
comprises plurality of electrodes attached with silver 
wire and installed on a 15-gallon container in each 

20 direction centering a rotating stirring rod. Herein, each 
electrode is connected to a transformer. By filling the 
container with water and supplying the electrode with 
power, silver particles are separated from the silver 
wire and dissolute. In this way, the silver colloid is 

25 manufactured. 



WO 2005/019096 



PCTYKR2003/002855 



8 

High purity silver can exist as an ion or a particle 
in water dispersion media with extremely low 
concentration- Also, it can exist in several ppm, which 
is a relatively high concentration, with a form of 
5 complex compound (ion composition) with another anion. 
The High purity silver of such state is called colloidal 
silver. 

One method of dispersing silver nano particles 
stably in high concentration in water dispersion media or 

10 organic solvent dispersion media is preventing the silver 
from settling according to Stokes' Law by adjusting 
viscosity of the water dispersion media or the organic 
dispersion media in a state of nano particle (viscosity 
adjuster is added) . 

15 Also, by applying ionic media such as the surface 

active agent on a surface of nano silver particles, 
particles can be ionized with a same sign so that the 
nano silver particles are dispersed stably by retraction 
force applied by ionic character among particle of same 

20 ionic sign. Another method is combining with stable 
composition having ionic character in a form of complex 
ionization or complex compound in the water dispersion 
media or the organic solvent dispersion media. 

However, nano silver solution having the nano silver 

25 particles dispersed in the water dispersion media or the 
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organic solvent dispersion media dose not contains nano 
particles in a complete metal state, but contains ionic 
character partially. Accordingly, as time passes by, the 
ionic character or the complex ionization composition 
5 becomes unstable, causing deposition or settling in the 
container. Also, as the nano silver solution being 
unstable thermally and dispersed in the water dispersion 
media or the organic solvent dispersion media is heated, 
agents such as adjuster, stabilizer, surface active agent, 

10 complex ionization composition lose their function. 
Accordingly, agglomeration occurs among most of the 
particles, and the nano silver particles are settled. 
Most of the conventional silver nano colloidal products 
are restricted in industries due to the ionic character, 

15 instability in high temperature. 

DISCLOSURE OF INVENTION 

Accordingly, it is an aspect of the present 
invention to provide a method of manufacturing solution 
dispersed with nanocomposite, further particularly to, a 
20 method of manufacturing nanocomposite solution having 
excellent storability and thermal stability and 
containing silver having antibacterial function, far 
infrared radiation function, deodorization function. 

Additional aspects and advantages of the invention 
25 will be set forth in part in the description which 
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follows and, in part, will be obvious from the 
description, or may be learned by practice of the 
invention. 

The foregoing and other aspects of the present 
5 invention are achieved by providing a method for 
preparation of nanocomposite solution, comprising: 
preparing basic silica colloid aqueous solution; 
providing an electrolysis apparatus by installing a 
negative electrode containing aluminum and a positive 
10 electrode containing silver into the basic silica colloid 
aqueous solution; and forming nanocomposite by applying 
voltage to the respective electrodes of the electrolysis 
apparatus . 

According to an aspect of the invention, temperature 
15 when applying the voltage is between 30 and 100°C. 

According to an aspect of the invention, content of 
silica in the basic silica colloid aqueous solution is 
between 0.1 and 30 weight percentage. 

According to an aspect of the invention, PH of the 
20 basic silica colloid aqueous solution is between 8 and 12 
PH. 

According to an aspect of the invention, the method 
for preparation of the nanocomposite solution further 
comprises applying organic solvent to the nanocomposite 
25 solution and removing water. 
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According to another aspect of the present invention, 
the above and other aspects may be also achieved by 
providing Nanocomposite solution manufactured according 
to the method for preparation of the nanocomposite 
5 solution* 

According to another aspect of the present invention, 
the above and other aspects may be also achieved by 
providing Nanocomposite solution comprising nanocomposite 
and dispersion media comprising silver particles with 
10 size between 1 and 10 nm and silica particles having size 
between 3 and 50 nm. 

According to an aspect of the invention, the 
nanocomposite further comprises aluminum. 

According to an aspect of the invention, the silver 
15 particle and the silica particle are bound to each other. 

According to another aspect of the present invention, 
the above and other aspects may be also achieved by 
providing nanocomposite comprising silver particles 
having size between 1 and 10 nm and silica particles 
20 having size between 3 and 50 nm. 

According to an aspect of the invention, the silver 
particle and the silica particle are bound to each other. 

According to an aspect of the invention, the 
nanocomposite according to claim further comprises 
25 aluminum. 
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BRIEF DESCRIPTION OF DRAWINGS 
The above and/or other aspects and advantages of the 
present invention will become apparent and more readily 
appreciated from the following description of the 
5 embodiments, taken in conjunction with the accompany 
drawings of which: 

FIG. 1 is a graph representing variation of content 
of silver according to manufacturing duration of an 
embodiment of the present invention; 
10 FIG. 2 is a graph representing an X-ray diffraction 

pattern of nanocomposite according to the embodiment of 
the present invention; 

FIG. 3 is a graph representing an ultraviolet- 
visible ray absorption spectrum of nanocomposite 
15 solution; 

FIG. 4 is a distribution graph of surface charges of 
particles in the nanocomposite solution; 

FIG. 5 is a photograph 1 of a transmission electron 
microscope (TEM) on the nanocomposite; 
20 FIG. 6 is a photograph 2 of TEM representing silver 

particles in the nanocomposite; and 

FIG. 7 is a graph representing ultraviolet-visible 
ray absorption spectrum of polyurethane film dispersed 
with the nanocomposite. 
25 MODES FOR CARRYING OUT THE INVENTION 
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Reference will now be made in detail to the 
embodiments of the present invention, examples of which 
are illustrated in the accompanying drawings, wherein 
like reference numerals refer to like elements throughout, 
5 The embodiments are described below in order to explain 
the present invention by referring to the figures. 

An embodiment of the present invention employed an 
unique electrolysis method to manufacture nanocomposite 
solution. This electrolysis method distinctively uses 

10 basic silica colloid aqueous solution as electrolysis 
solution. Content of the silica particle in the basic 
silica colloid aqueous solution is preferably between 0.1 
and 30 weight percent. However, dispersion agent (surface 
active agent) is required because stable nanocomposite 

15 cannot be formed when the content is below 0.1 weight 
percent and agglomeration occurs among the silica 
particles when the content is over 30 weight percent. The 
silica colloid solution should be electropositive because 
the silver has a tendency to stay in an ion state with 

20 positive electric charges in acid solution, and silver 
ion cannot be combined on a surface of the silica but 
reduced on a negative electrode in such tendency. A pH of 
the basic silica colloid solution is preferably between 8 
and 12. The silica colloid becomes unstable when pH is 

25 below 8 which is neutral zone, and the silica particles 
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are separated into silicate ions when pH is over 12, A 
reaction temperature is preferably between 30 °C and 100 ° 
C. A velocity of the electrolysis decreases with 
requiring more expense when the reaction temperature is 
5 below 30 °C while compressing apparatus is required when 
the reaction temperature exceeds 100 °C. 

An electrolysis apparatus comprises two electrodes 
shaped like plates in a same way a conventional method 
employs. Herein, the electrodes may be provided in a 

10 cylindrical shape to maximize an area of a positive 
electrode so that the amount of the silver ions detached 
from the positive electrode can be maximized. Meanwhile f 
it is preferable to apply ultrasound wave on the positive 
electrode or to rotate the positive electrode to minimize 

15 the content of the silica, aluminum, and the silver 
deposited on the positive electrode. Herein, the negative 
electrode may be provided in a shape of a rod or a 
cylinder. A duration of the electrolysis may vary 
depending on a target content of the aluminum and the 

20 silver. The duration of the electrolysis in the present 
invention may vary from 5 minutes to 12 hours. 

In the conventional method in which the silica 
colloid aqueous solution is used as the electrolysis 
solution, if the basic silica colloid is anion, the 

25 silica particles are deposited on the positive electrode 
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in the electrolysis solution in a short time, regardless 
of the kind of metals used for the positive and negative 
electrodes. However, as the positive electrode is coated 
with the silica particles across the whole area of the 
5 positive electrode, the electrolysis reaction on the 
positive electrode is terminated, which makes the 
electrolysis on both the positive and negative electrodes 
stop. 

For above reasons, the nanocomposite has extremely 

10 small content of the silver and its applicability is 
somewhat limited. To solve such problems, the present 
invention employs the basic silica colloid aqueous 
solution as the electrolysis solution. An electrode made 
of alloy containing pure aluminum or aluminum is 

15 installed as the negative electrode to make the aluminum 
dissolve as it dissolves in usual basic solution 
regardless of the electrolysis. Also, a temperature is 
increased to increase the reaction velocity. An amount of 
the deposition of the silica on the positive electrode 

20 conspicuously decreases according to this method, which 
makes reactions on the positive and negative electrodes 
keep going. It is presumed that a dissolution reaction of 
the aluminum and a hydrogen generating reaction on a 
surface of the aluminum contribute to such results 

25 altogether. 
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In a process of manufacturing the nanocomposite 
solution according to the present invention, the silver 
is dissipated into the electrolysis solution by 
ionization on the positive electrode in the basic silica 
5 colloid electrolysis solution. On the negative electrode, 
the hydrogen generating reaction occurs efficiently, and 
the dissolution reaction caused by the basic silica 
colloid occurs on the negative electrode concurrently, 
regardless of the electrolysis reaction. Accordingly, as 

10 the silica particle and the silver particle are combined 
into one particle of an in-situ, and the nanocomposite of 
the present invention is formed. In this process, when 
forming the nanocomposite, the aluminum is presumed to 
exist in a form of solid solution or an amorphous 

15 aluminum particle of nano size within a nano silver 
crystal. It is presumed that a formation of such 
nanocomposite is made by the electrolysis, and a complex 
reaction of ionization energy caused by the dissolution 
reaction of the aluminum regardless of the electrolysis, 

20 Such presumption is derived from that the silica, the 
silver, and the aluminum are not combined but exist as 
separate ions when colloidal silica, silver nitrate 
solution, and sulfate aluminum solution are mixed. 

As the process goes, the silver particle in the 

25 nanocomposite solution turns from yellow, or color of 
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nano silver in the solution, gradually into black through 
red- Also, a concentration of hydrogen ion, or pH, varies 
from basic to neutral. When a. reaction is completed with 
a wanted content, the nanocomposite solution turns into 
5 opaque black solution, and this solution turns into 
transparent yellow solution if the solution is diluted to 
have concentration of 1 ppm again. Accordingly, it is 
noted that, the color of the solution turns from yellow 
into black not only as the concentration of the 

10 nanocomposite increases, but also as the concentration of 
the silver contained in the nanocomposite varies. With a 
result of analysis on the nanocomposite dried to be in a 
solid state, it is found that particles comprising the 
silica, and the silver have an average size ranging from 

15 10 to 20 nano size. The size depends on a size of the 
silica particle, and it is tolerable even if the size of 
the silica particle is little smaller or bigger than the 
average size. As an example, an average size between 3 nm 
and 50 nm will be tolerable. With a result from an 

20 analysis on a crystal structure by an X-ray diffraction 
apparatus, the silica is identified in dried powder, but 
existence of the aluminum was not clear. However, the 
aluminum is presumed to exist in a state of solid 
solution on the silver crystal or in an amorphous form. A 

25 minute structure of the three components can be 
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identified by a transmission electron microscope (TEM) , 
and a size of the nano particle is between 1 and 3 nm. 
The size depends on the size of the silica and it can be 
as big as up to 10 nm. An analysis on those data is 
5 represented in a result of an analysis on example tests . 
Also, original solution, 100-times diluted solution, and 
1000-times diluted solution of the nanocomposite 
manufactured according to the present invention has 
colors of black, red, and yellow, respectively. Herein, 

10 the content of the nanocomposite is proximately 10 weight 
percent, and the color of the nanocomposite may vary 
according to the content of the nanocomposite. 

When manufacturing the nanocomposite having 
functions such as antibacterial according to the process 

15 described above, the problem that a storage duration 
decreases due to the ionic character can be solved, and 
the nanocomposite becomes so thermally stable that it can 
exist stably even if the nanocomposite is heated up to 
100 °C* Also, it solves a problem of noxiousness caused by 

20 the stablizer, the viscosity adjuster, and the surface 
active agent of the nano colloidal solution. 
Applicability of the solution is very broad because an 
unnecessary anion does not exist as a contaminant. A 
method of the nanocomposite solution according to the 

25 present invention is not limited to manufacturing 



WO 2005/019096 



PCT/KR2003/002855 



conditions above . 

Hereinbelow, example tests are described to 
represent results of measuring structural characteristics 
and physical properties of particles in the nanocomposite 
5 solution. Embodiments are examples applying compositions 
of the present invention to various materials. 

The present invention will be specified further with 
preferred embodiments and example tests described below. 
However, the present invention is not limited by the 
10 preferred embodiments and the example tests described 
below. 

<A first Embodiment> 

An 18-liter container is filled with the basic 
silica colloid aqueous solution having pH of 11. An 

15 electrode made of the silver having the purity of 99.99 
weight percent is used as a positive electrode while an 
electrode made of the aluminum having the purity of 99.8 
weight percent is used as a negative electrode. Area for 
each electrode is provided to be proximately 660 cm 2 . 

20 Herein, the reaction temperature is kept at 90 °C to 
increase the reaction velocity and is controlled by an 
automatic temperature controller. Variation of level of 
electrolysis solution caused by evaporation is controlled 
by adding proper amount of pure water. Herein, voltage 

25 applied to the positive and negative electrodes is 120 V, 
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and current thereof is 3 ampere. As the electrolysis 
proceeds, the nanocomposite is formed as the silica, the 
silver are combined as the in-situ in the solution by the 
electrolysis reaction. Variation of the content of the 
5 silver in the solution according to passage of reaction 
time is shown in FIG. 1, and composition after reaction 
for 8 hours is shown in Table 1. 
-Example test 1- 

The content of components of the composition is 
10 analyzed with an inductively coupled plasma atom emission 
spectroscope. Results are shown in Table. 1. 



[Table. 1] 



components 


content (ppm) 


Ag 


10605.0 


Al 


1896.0 


Na 


1278.4 


Si 


31720.0 



-Example test 2- 

15 An X-ray diffraction analysis was implemented to 

observe a structure of the nanocomposite. A sample was 
smashed after dried under 80 °C for 24 hours before the 
analysis. FIG. 2 illustrates a result of the analysis. A 
wide band of peaks about 20 indicates absorption peaks of 

20 the silica, while peaks about 40, 65, 80 are absorption 
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peaks of the silver. 

-Example test 3- 

An ultraviolet-visible ray absorption spectrum was 
5 measured to observe optical property of the nanocomposite. 
FIG. 3 illustrates a result thereof. According to the 
drawing, an absorption peak appears between 380 nm and 
400nm. 

10 -Example test 4- 

A zeta potential analysis was implemented to measure 
a surface charge of particles in the nanocomposite 
solution. A result shows an average charge has a stable 
particle retractive force of -41.31mV. A distribution 

15 pattern is shown in FIG. 4. 

-Example test 5- 

A minute structure of the particles in the 

nanocomposite solution was observed with TEM. FIGS. 5 and 
20 6 show results. FIG. 5 shows the distribution and size of 

the particle, and FIG. 6 shows a single structure of the 

particle. In FIG. 6, black circles are the silver, and 
areas other than the black circles are the silica. 



25 



Hereinbelow, applications of the nanocomposite 
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manufactured according to the embodiment of the present 
invention to various fields will be described. However, 
the fields of the application is not limited only to the 
fields described below. The nanocomposite refers to a 
5 particle that the silica and the silver are combined in 
the nanocomposite solution. In the embodiments described 
below, the nanocomposite solution described in an 
embodiment 1 is used in other embodiments unless 
specified otherwise. However, following nanocomposite 

10 solution can be employed to show compatible effect. 

The silver in the nanocomposite is distributed with 
a size between 1 nm and 10 nm, " and may exist by combining 
with the silica having a size between 3 nm and 50 nm. 
Also, a weight ratio of the silver and the silica may be 

15 between 1:1 and 1:15. Also, the nanocomposite may further 
comprise the aluminum. In such case, a weight ratio of 
the aluminum and the silver may be between 1:1 and 1:10. 
The aluminum may exist by combining with the silver and 
the silica. The content of the silver in the 

20 nanocomposite solution may be between 0.01 and 5 weight 
percent. Although the embodiments mainly use the aqueous 
solution of the nanocomposite, the water may be used by 
substitution into the organic solvent as necessary. The 
substitution may employ a method of evaporating the water 

25 after adding the organic solvent to the nanocomposite 
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solution, or a method of making a vacuum state with 
heating. 

<A second embodiment> 
5 Because the nanocomposite solution according to the 

present invention, has functions such as antibacterial, 
deodorization, anti-fungal, far infrared radiation, it 
may be used directly with a spray. Results from various 
function test implemented on the nanocomposite solution 
10 are shown in FIG. 2. 

The antibacterial test was implemented on two 
bacteria according to a shake-flask method (FC-TM-19)- 
2001 of FITI testing & research institute of Korea. After 
15 a testing bacterial solution containing 1.0 weight 
percent of the nanocomposite solution is cultivated at 35° 
C for 10 minutes, the number of the bacteria was counted. 



[Table. 2] 



testing bacteria 


item 


Blank 


Sample 


Staphylococcus 
aureus 

(ATCC 6538 P) 


initial number of 
bacteria (number /ml ) 


1. 6Xio 5 


1. 6X10 5 


number of bacteria after 
10 minutes (number/ml) 


1.7X10 5 


<10 
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decreasing rate (%) 




>99.9 


Ecoli 
(ATCC 8739) 


initial number of 
bacteria (number /ml) 


1.4X10 5 


1.4X10 5 




number of bacteria after 
10 minutes (number /ml) 


1.6X10 5 


<10 




decreasing rate (%) 




>99.9 



A degree of deodorization is measured by a gas 
detecting tube method on ammonia gas with 2g of the 
powered nanocomposite acquired by smashing after being 
5 dried at 80 °C for 24 hours. A result is shown in Table. 3. 



[Table. 3] 



measuring time (minute) 


5 


15 


30 


60 


gas 

concentration (ppm) 


blank 


250 


220 


195 


180 


sample 


10 


5 


<5 


<5 


deodorization rate (%) 


96.0 


97.7 


>97.7 


>97.7 



A testing on an anti-fungal degree is implemented on 
a sample that was acquired by drying the solution 
10 filtered through a standard filter paper with a 
composition bacteria of aspergillus niger (ATCC 9642) , 
chaetomium globosum (ATCC 6205) , penicillum pinophilum 
(ATCC 11797), gliocladium virens (ATCC 9645), 
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aureobasidium pullulans (ATCC 15233) . As a result, the 
anti-fungal degree is determined to be class 0. A 
classification on the anti-fungal degree is as follows, 
class 0 - no fungi grown 
5 class 1 - fungi grown on less than 10 % of a test 

piece 

class 2 - fungi grown on 10 - 30% of the test piece 
class 3 - fungi grown on 30 - 60% of the test piece 
class 4 - fungi grown on over 60% of the test piece 

10 

To measure a radiation rate of the far infrared 
radiation and radiation energy, the solution was dried at 
80 °C for 24 hours and smashed to be power. 3 g of the 
power was placed in a square shape for a test. The test 

15 was implemented by a black body comparison method with a 
wavelength ranging from 5 to 20 pm at 50 °C, using a 
Fourier transform infrared spectroscope. As a result , the 
radiation rate of the far infrared radiation was measured 
to be 0.916, while the radiation energy was measured to 

20 be 425 W/m 2 . 

<A third embodiment> 

The nanocomposite solution according to the 
embodiment of the present invention is effective in 
25 eradicating algae. Particularly, as it is highly 
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effective in eradicating red algae, it can be used as 
material to prevent the red algae. To prove such effect, 
a test on preventing the red algae was implemented. An 
objective red algae is cochlodinium polykrikoides , and a 

5 density of the red algae is 2000 cells/ml. An eradication 
rate of the red algae is measured by taking a measurement 
from samples with various concentrations of the silver. A 
result from this test is shown in FIG. 4. This is on a 
level same with or higher than loess of highest class. 

10 [Table. 4] 



sample 

concentration 


time 


immediately 


past 10 min 


past 30 min 


past 60 min 


0.01 ppm 


60-62 % 


62-65 % 


75-77 % 


77-80 % 


0 . 05 ppm 


68-70 % 


70-74 % 


75-77 % 


80-82 % 


0 . 1 ppm 


65-67 % 


66-68 % 


80-82 % 


85-89 % 


1 . 0 ppm 


80-82 % 


90-93 % 


95-96 % 


96-98 % 



<A fourth embodiment> 

As the nanocomposite solution according to the 
embodiment of the present invention has functions of 
15 anti-fungal and anti-algae, it can be used as anti-fungal 
agent and an anti-algae agent for treating industrial 
cooling water. While applying, it can be used with 
liquidating the solution. Table. 5 represents a result on 
the number of remaining bacteria measured according to 



WO 2005/019096 



PCT/KR2003/002855 



27 

passage of time by adding the nanocomposite solution into 
the cooling water so that the concentration of the silver 
in the cooling water can be 1 ppm. It appears that the 
number of the remaining bacteria dwindles according to 
5 the passage of time. A same effect can be expected in the 
concentration of the silver of over 0.1 ppm. 



[Table. 5] 



time 


day 1 


day 2 


day 3 


day 4 


the number 
of bacteria 


5.0X10 2 


2.0X10 2 


5.0X10 2 


1. 6X10 2 



<A fifth embodiment > 

10 A heavy mesh merry fabric with functions of anti- 

fungal , far infrared radiation, and anti-static has been 
made by treating a heavy - mesh merry fabric with the 
nanocomposite solution according to the embodiment of the 
present invention. A process of treatment employed a 

15 fabric padding method. The fabric was dipped in a dipping 
liquid containing the nanocomposite solution in a 
continuous process. After removing leftover moisture, the 
fabric was dried and crosslinkaged at a temperature 
between 150 and 180 °C. Herein, the dipping liquid 

20 contains binder, softening agent, and crosslinkage agent. 

An anti-fungal test on the heavy mesh fabric 
manufactured as described above was implemented according 
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to a standard of KS K 0693-2001, and its results are as 
shown in Table. 6. 



[Table. 6] 



testing bacteria 


items 


Blank 


Sample 


Staphylococcus 
aureus 


the initial # of 
bacteria (#/ml) 


1.4X10 5 


1, 4X10 5 


the # of bacteria 
after 24 hrs (#/ml) 


6.3X10 5 


<10 


decreasing rate (%) 




>99. 9 


clepsiera 
neumonia 


the initial # of 
bacteria (#/ml) 


1.5X10 5 


1.5X10 5 


the # of bacteria 
after 24 hrs (#/ml) 


6.3X1Q 5 


<10 


decreasing rate (%) 




>99. 9 



5 A test was implemented to measure the far infrared 

radiation rate and the radiation energy on the fabric. 
This test is implemented with a sample of the heavy mesh 
merry fabric having size of 30x30mm under the condition 
of wavelength between 5 - 20 pia and temperature 40 °C. 
10 Also, a radiation rate of the sample against the black 
body is measured using a fourier conversion infrared 
prism. As a result, the far infrared radiation rate was 
taken to be 0.897, and the radiation energy to be 361.32 
W/m 2 . 
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A measurement test on a friction against voltage was 
implemented to find out about characteristics on 
chargeability of static charge. This test was implemented 
according to a method-8 described in KS K 0555-1983, with 
5 a condition of temperature 20+2°C or 20-2°C, moisture 
40+2% or 40-2% RH, and friction rotation speed 400 rpm, 
using a criterion cotton fabric. With such condition, the 
fabric treated with nanocomposite solution and the 
untreated fabric was charged respectively with the cotton 
fabric and the voltages were measured. As a result, the 
fabric treated with the nanocomposite solution is 
measured to have voltage below 10 V, while the untreated 
fabric is 2230 V. 

<A sixth embodiment> 

A non-woven fabric having functions of anti-fungal, 
far infrared radiation, anti-static is manufactured using 
a non-woven fabric such as polyester, polypropylene using 
the nanocomposite solution. A treatment process is a 
fabric padding method. The non-woven fabric is dipped in 
the dipping liquid containing the nanocomposite solution. 
After removing the leftover moisture, the fabric was 
dried and crosslinkaged at a temperature between 150 and 
180 °C. Herein, the dipping liquid may be the 
nanocomposite solution itself, or a liquidated 
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nonocomposite solution. Also, it may contain the binder, 
that is most common acrylic, with weight percentage 
between 1 and 10. 

The test on the anti-fungal on the non-woven fabric 
5 manufactured as described above is implemented according 
to the standard of KS K 0693-2001, and a result is shown 
in Table. 7. 



[Table. 7] 



testing bacteria 


items 


Blank 


Sample 


Staphylococcus 
aureus 


the initial # of 
bacteria (#/ml) 


1.3X10 5 


1.4X10 5 


the # of bacteria 
after 24 hrs (#/ml) 


5.7X10 5 


<10 


decreasing rate (%) 




>99. 9 


clepsiera 
neumonia 


the initial # of 
bacteria (#/ml) 


1.4X10 5 


1.4X10 5 


the # of bacteria 
after 24 hrs (#/ml) 


6.6X10 5 


<10 


decreasing rate (%) 




>99. 9 



10 A test on the deodoration was implemented with a gas 

detection method. A variation of the ammonia gas 
concentration was measured with a non-woven fabric sample 
according to passage of time and its result is shown in 
Table. 8. A rate on deodoration is represented by a 
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equation of (gas concentration of Blank - gas 
concentration of the sample) / (gas concentration of Blank) 
xlOO. 

5 [Table. 8] 



measurement time 


5 


15 


30 


60 


gas 

concentration 


Blank 


380 


330 


280 


230 


Sample 


220 


175 


140 


105 


deodoration rate (%) 


42.1 


47.0 


50.0 


54 .3 



A test was implemented on the non-woven fabric to 
measure the far infrared radiation rate and the radiation 
energy. The test was implemented on a condition of 

10 wavelength between 5 ~ 20 jam and a temperature of 30 °C 
with a sample with size of 30x30mm. Also, a radiation 
rate against the black body is measured using the fourier 
conversion infrared prism. As a result, the far infrared 
radiation rate is measured to be 0.823, while the 

15 radiation energy is 286.07 W/m 2 . 

To measure a chargeability of static electron 
against the non-woven fabric, a test on the friction 
against the voltage is implemented. This test is 
implemented according to a method-8 of KS K 0555-1983, 

20 with a condition of temperature 20+2 °C or 20-2 °C, a 
moisture of 40+2% or 40-2% RH, and a friction rotation 
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speed 400rpm, using the criterion non-woven fabric. With 
such condition, the non-woven fabric treated with the 
nanocomposite solution and the untreated non-woven fabric 
are charged, respectively, and the voltages are measured. 
5 As a result, the non-woven fabric treated with the 
nanocomposite solution is measured to be 340 V, while the 
untreated non-woven fabric is 720 V. 

<A seventh embodiment> 

10 During manufacturing polyurethane foam in the 

present invention, the polyurethane foam having a 
function of anti-fungal , deodoration, far infrared 
radiation is manufactured by adding the nanocomposite 
solution into polyol and by foaming in a step that 

15 isocyanate and polyol are mixed. The added amount of the 
nanocomposite solution is preferably between 1 and 5 
weight percentage on whole solution of the isocyanate and 
the polyol. 

A test of anti-fungal on this polyurethane foam is 
20 implemented according to a shake-plask method (FC-TM-19)- 
2001. Sample fungus liquid containing 0.4g of the 
polyurethane foam containing the nanocomposite solution 
is boiled for 24 hours at 35 °C, and the number of the 
incubated bacteria was measured. The result is as shown 
25 in Table. 9. 
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[Table. 9] 



testing bacteria 


items 


Blank 


Sample 


Staphylococcus 
aureus 


initial number of 
bacteria (number/ml) 


1 . 6X10 5 


1 • 6X10 5 




number of bacteria after 
24 hrs (number /ml) 


7 . 2X10 5 


<10 




decreasing rate (%) 




>99 . 9 


Ecoli 


initial number of 
bacteria (number /ml) 


1.5X10 5 


1.5X10 5 




number of bacteria after 
24hrs (number/ml) 


7.2X10 5 


<10 




decreasing rate (%) 




>99.9 



A test on deodoration of the polyurethane foam is 
measured according to the gas detection method. A 
5 variation of ammonia gas concentration is measured 
according to passage of time on 3.7g of the sample. The 
result is as shown in Table. 10. 



[Table. 10] 



! measured time(min) 


30 


60 


120 


180 


240 


gas 


Blank 


245 


' 180 


120 


120 


110 
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concentration 


sample- 


25 


5 


<5 


<5 


<5 


deodoration rate (%) 


89.8 


97.2 


>97.7 


>97.2 


>97.2 



A test measuring the far infrared radiation rate and 
the radiation energy is implemented on the polyurethane 
foam treated with the nanocomposite solution and the 
5 untreated polyurethane foam. The test was implemented on 
a condition of wavelength between 5 - 20 jam and a 
temperature of 30 °C with a sample with size of 30x30mm. 
Also, a radiation rate against the black body is measured 
using the fourier conversion infrared prism. As a result, 
10 the far infrared radiation rate for the treated foam is 
measured to be 0.885, while the radiation energy is 
356.417 W/m 2 . Meanwhile, the far infrared radiation rate 
for the untreated foam is measured to be 0.8 68, while the 
radiation energy is 349.639 W/m 2 . 

15 

<An eighth embodiment> 

An adhesive with anti-fungal function is manufacture 
by adding the nanocomposite solution to an adhesive in 
this embodiment of the present invention. Among these, 
20 aqueous adhesive is added with the nanocomposite solution 
having 1 weight percentage concentration. However, the 
concentration may be between 0.1 and 5 weight percentage. 
For oil adhesive, the dispersion media is displaced with 
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oil solvent such as dimethyl formamide and 
Dimethylacetamide using an assortment distillation method 
before manufacturing. Same conditions are applied. 

After manufacturing a sample as a film for the oil 
5 adhesive manufactured as described above, a test on an 
anti-fungal is implemented using a film contacting method 
(FC-TM-21) -2001 . A result is as shown in Table. 11. 



[Table. 11] 



testing bacteria 


items 


Blank 


Sample 


Staphylococcus 
aureus 


initial number of 
bacteria (number/ml ) 


1.3X10 5 


1.3X10 5 




number of bacteria after 
24 hrs (number /ml) 


6.4X10 5 


1.3X10 4 




decreasing rate (%) 




99.8 


Ecoli 


initial number of 
bacteria (number/ml) 


1.6X10 5 


1. 6X10 5 




number of bacteria after 
24. hrs (number/ml) 


7.0X10 5 


2.1X10 5 




decreasing rate (%) 




99.7 



10 After manufacturing insole using the manufactured 

aqueous adhesive and the oil adhesive as adhesive used 
for manufacturing the insole for shoes, a test on anti- 
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fungal is implemented according to KS K 0693-2001. A 
result is as shown in Table. 12. 

5 [Table. 12] 



sample 


testing 
bacteria 


items 


blank 


sample 


shoe bottom 


Staphylococcus 


initial number of 


1. 2X10 5 


1.2X10 5 


plate 


aureus 


bacteria (#/ml) 






treated with 




number of bacteria 


5.8X10 5 


<10 


aqueous 




after 24 hrs (#/ml) 






adhesive 




decreasing rate (%) 




>99.9 




clepsiera 


initial number of 


1.4X10 5 


1 . 43X10 5 




neumonia 


bacteria (#/ml) 










number of bacteria 


6.4X10 5 


<10 






after 24 hrs (#/ml) 










decreasing rate (%) 




>99.9 


shoe bottom 


Staphylococcus 


initial number of 


1.2X10 5 


1.2X10 5 


plate 


aureus 


bacteria 






treated with 




(number /ml) 






oil adhesive 




number of bacteria 
after 24 hrs (#/ml) 


5.8X10 5 


<10 






decreasing rate (%) 




>99.9 
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clepsiera 


initial number of 


1.4X10 5 


1.4X10 5 




neumonia 


bacteria 
(number /ml) 










number of bacteria 


6.4X10 5 


<10 






after 24 hrs (#/ml) 










decreasing rate (%) 




>99.9 



<A ninth embodiment> 

Aft dipping cotton into thenanocomposite solution, 
the cotton is added with an anti-fungal and deodoration 
5 function by drying at 80 °C. 

The anti-fungal characteristics are measured 
according to KS K 0693-2001, and the results are as shown 
in Table. 13. 



[Table. 13] 



testing bacteria 


items 


Blank 


Sample 


Staphylococcus 
aureus 


the initial # of 
bacteria (#/ml) 


1.2X10 5 


1.2X10 5 


the # of bacteria 
after 18 hrs (#/ml) 


5.6X10 5 


<10 


decreasing rate (%) 




>99.9 


clepsiera 
neumonia 


the initial # of 
bacteria (#/ml) 


1.4X10 5 


1.4X10 5 
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the # of bacteria 
after 18 hrs (#/ml) 


6.3X1Q 5 


<10 


decreasing rate (%) 




>99.9 



The test on deodoration is implemented according to 
the gas detection method. A variation on a gas 
concentration is measured according to passage of time on 
5 a sample of anti-fungal cotton 3.0g. Its result is as 
shown in Table. 14. 



[Table. 14] 



measured time (min) 


5 


15 


30 


60 


gas 

concentration (PPM) 


blank 


430 


370 


340 


310 


sample 


310 


260 


210 


150 


deodoration rate {%) 


27.9 


29.7 


38.2 


51.6 



10 <A tenth embodiment> 

A fabric with an anti-fungal function is 
manufactured by adding the nanocomposite solution 
according to the embodiment of the present invention. A 
method of adding is same as the sixth embodiment. 

15 [Table. 15] 



testing bacteria 


items 


Blank 


Sample 
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Staphylococcus 
aureus 


the initial # of 
bacteria (#/ml) 


1.4X10 5 


1.4X10 5 


the # of bacteria 
after 18 hrs (#/ml) 


6.4X10 5 


<10 


decreasing rate (%) 




>99.9 


clepsiera 
neumonia 


the initial # of 
bacteria (#/ml) 


1.5X10 5 


1.5X10 5 


the # of bacteria 
after 18 hrs (#/ml) 


6.6X10 5 


<10 


decreasing rate (%) 




>99. 9 



<An eleventh embodiment> 

A leather with an anti-fungal function is 
manufactured by treating the natural leather with the 

5 nanocomposite solution. A treatment method is as follows. 
After refining the leather, ammonia is added to adjust PH 
to between 8 and 10. The nanocomposite solution is added 
and acetic acid is used to adjust the PH to between 3 and 
5. Herein, the amount of the added nanocomposite solution 

10 preferably should be between 1 and 5 weight percentage. 

A test on the anti-fungal function of the leather 
manufactured above is implemented according to (FC-TM- 
19) -2001. A result is as shown in Table. 16. 



15 [Table. 16] 



WO 2005/019096 



PCT/KR2003/002855 



40 



testing bacteria 


items 


Blank 


Sample 


Staphylococcus 
aureus 


initial number of 
bacteria (number /ml) 


1.3X10 5 


1.3X10 5 


number of bacteria after 
24 hrs (number /ml) 


5.7X10 5 


<10 


decreasing rate (%) 




>99. 9 


Ecoli 


initial number of 
bacteria (number/ml) 


1.2X10 5 


1.2X10 5 


number of bacteria after 
24 hrs (number /ml) 


5.9X10 6 


1.2X10 4 


i decreasing rate (%) 




99.8 



<A twelfth embodiment> 

A water tissue with the anti-fungal function is 
manufactured using the nanocomposite solution according 
5 to the embodiment of the present invention. The anti- 
fungal water tissue is manufactured by soaking a dried 
tissue with the nanocomposite solution. The nanocomposite 
solution may be diluted for use as well. 

A test on the anti-fungal function of the 
10 manufactured water tissue is implemented according to a 
shake-plask method (FC-TM-19) -2001 . A result is as shown 
in Table. 17 . 
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[Table. 17] 



testing bacteria 


items 


Blank 


Sample 


Staphylococcus 
aureus 


initial number of 
bacteria (number/ml) 


1.3X10 5 


1.3X10 5 




number of bacteria after 
18 hrs (number/ml) 


5.7X10 5 


<10 




decreasing rate (%) 




>99.9 


Ecoli 


initial number of 
bacteria (number /ml ) 


1.2X10 5 


1.2X10 5 




number of bacteria after 
18 hrs (number /ml) 


5. 9X10 6 


1.2X10 4 




decreasing rate (%) 




99.8 



<A thirteenth embodiment> 
5 A coating liquid with the functions of anti-fungal, 

protecting ultraviolet , and anti insect is manufactured 
by mixing the nanocomposite solution with the 
polyurethane emulsion or acrylic emulsion. A mixture 
ratio is between 0.5 and 2 weight percentages of the 
10 nanocomposite solution for 100 weight percentage of the 
polyurethane or acrylic emulsion. 

After manufacturing a sample as film by coating on 
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the glass and drying to measure the anti-fungal function, 
it was measured according to a film contacting method 
(FC-TM-21) -2001. The result is as shown in Table. 18. 

5 [Table. 18] 



testing bacteria 


items 


Blank 


Sample 


Staphylococcus 
aureus 


initial number of 
bacteria (number/ml) 


1.4X10 5 


1.4X10 5 




number of bacteria after 
18 hrs (number/ml) 


5.9X10 5 


<10 




decreasing rate (%) 




>99. 9 


Ecoli 


initial number of 
bacteria (number /ml) 


1. 6X10 5 


1. 6X10 5 




number of bacteria after 
18 hrs (number/ml) 


7.7X10 6 


<10 




decreasing rate (%) 




>99. 9 



Also, to observe the ultraviolet protection and 
radiation effect, a spectrum of ultraviolet-visible ray 
is measured. A sample is manufactured to be a film with 
10 thickness of less than 100 \xra by drying the coating 
liquid, using an ultraviolet-visible ray prism. The 
result is as shown in FIG. 7. It is noted that the film 
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absorbs the ultraviolet of up to 500 nm. 
<A fourteenth embodiment> 

A conductive coating liquid is manufactured by 
5 adding gelatin binder to the nanocomposite solution 
according to the embodiment of the present invention. 
Herein, the amount of the added gelatin is adjusted to be 
0.5 weight percentage relative to the nanocomposite 
solution. After coating the liquid on glass, it was 
10 treated with heat at various temperatures. A variation of 
the conductivity according to the temperature of heat 
process is shown in Table. 19. 



[Table. 19] 



heat process 
temperature 


normal 
temperature 


200 °C 


400 °C 


surface 
resistance 


io 9 a 


io 4 a 


2.5 £2 



15 

<A fifteenth embodiment> 

Inorganic coating agent with anti-fungal function is 
manufactured by adding NaSiC>3 to the nanocomposite 
solution according to the embodiment of the present 
20 invention. This coating agent is manufactured by adding 
NaSi0 3 of weight percentage between 5 and 20. It has a 
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characteristic that the coating can be done without 
additional heat process on the glass. 

<A sixteenth embodiment > 
5 A plastic composite with anti-fungal function is 

manufactured by mixing the nanocomposite solution to a 
mixture/casting process of the plastic material. 

The dispersion media of the nanocomposite solution 
is preferably removed in the mixture/casting process. 
10 The amount of the nanocomposite solution may be 

between 0.01 and 10 weight percentage for 100 weight 
percentage of the plastic material. 

In a case that the dispersion media is water, at 
least one of the dispersion media selected out of a group 
15 comprising the zinc stearate, amaid wax, polyesthylen wax, 
polyprophylene wax, calcium stearate may be added. The 
content is preferably between 0.01 and 0.5 weight 
percentage for 100 weight percentage of the plastic. 

The plastic material may employ polyprophelene, 
20 atrylonytrylstyrene, polycarbonate, polyesterecelphone, 
nylon, polyethylene, and polybuthylsteren. However, it is 
not limited to those. 

The mixture/casting process may comprise a process 
to manufacture a master alignment including the 
25 nanocomposite solution. 
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Hereinbelow, examples applied with the nanocomposite 
solution are described. 

100 weight percentage of polyprophylene resin (J-320 
from HONAM refinery co. ) and 0.5 weight percentage of 
5 zinc stearate (Hi-flow from SHINWON chemical co. ) and 0.5 
weight percentage of the polyethylene wax (L-C 121N from 
lion comtec co.) are mixed in a mixer. After mixing for 5 
minutes with the number of rotation of 500 , 5 weight 
percentage of the nanocomposite solution is put into the 
mixture and mixed for 60 minute with 600 of rotations. 
After mixing, a temperature is kept at 200 °C C. The mixed 
polyprophylene resin is put in a mixer to manufacture 
polyprophylene master batch containing 0.5 weight 
percentage of the nanocomposite solution. In this way, 90 
weight percentage of the polyprophylene (J-320 from HONAM 
refinery co.) not containing the nanocomposite solution 
and 10 weight percentage of polyprophylene master batch 
are mixed before casting. Herein, the temperature of the 
mixer is 200 °C. 

A test of the anti-fungal and far infrared radiation 
is implemented on a sample from the polyprophylene 
outputs. The sample manufactured as described above is 
tested with the anti-fungal test according to the film 
contacting method (FC-TM-21) -2001 . The result is as shown 
in Table. 20. 
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[Table. 20] 



testing bacteria 


items 


Blank 


Sample 


Staphylococcus 
aureus 


initial number of 
bacteria (number/ml) 


1.4X10 5 


1.4X10 5 




number of bacteria after 
18 hrs (number/ml) 


6.4X10 6 


1.9X10 4 




decreasing rate (%) 




99.7 


Ecoli 


initial number of 
bacteria (number /ml) 


1. 6X10 5 


1. 6X10 5 




number of bacteria after 
18 hrs (number/ml) 


6. 9X10 6 


<10 




decreasing rate (%) 




>99. 9 



A far infrared radiation test is implemented on the 
5 sample manufactured as described above- The result is as 
shown in Table . 21. 



[Table. 21] 



radiation rate (5~20fJm) 


radiation energy (W/m 2 ) 


0.893 


3.60X10 2 



10 



As described above, the nanocomposite solution with 
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multi-functions and the preparation method thereof 
according to the embodiment of the present invention 
employs an environment-friendly electrolysis method. 
Accordingly, it does not discharge pollutant and is 
5 highly productive, applicable to industry. 

Also, as the present invention provides a method to 
strongly and electrically bind the silica nano particle 
and silver nano particle, which are inorganic particles. 
It can contribute to advancement of technology on binding 

10 the inorganic particle and the metal particle of nano 
sizes in the future. 

The nanocomposite and the nanocomposite solution 
manufactured according to the embodiment of the present 
invention can solve a problem of safe custody caused by 

15 ionization characteristic of conventional silver 
colloidal and the silver nano solution. Also, it can be 
mixed with the chlorine or solution with reactive anion, 
and it shows an excellent thermal stability up to 100 °C. 
Although a few embodiments of the present invention 

20 have been shown and described, it will be appreciated by 
those skilled in the art that changes may be made in 
these embodiments without departing from the principles 
and spirit of the invention, the scope of which is 
defined in the appended claims and their equivalents. 



